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FOREWORD

This final technical report was prepared by Technology
Incorporated per the requirements of Item No. A003 of Contract
DAAJ01-74-C-0839(PlG). The report documents the development of
a cost subroutine modification to an existing Reliability and
Maintainability Simulator (PRS) and the testing of the modified
RMS by using several maintenance system alternatives for the OH-S8
helicopter.

The program was sponsored by the R&M Division of the AVSCOM
Product Assurance Directorate. Mr. Lewis Neri, R&M Division Chief,
served as the Contracting Officer's representative and Mr. Lindell
Whaley was the alternate representative. At Technology Incorporated
the program was performed under the general supervision of
Mr. Raymond B. Johnson, Systems Analysis Department Manager.
Mr. Larry E. Clay served as Program Manager.
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ABSTRACT

For several years, the Army has employed the Reliability
and Maintainability Simulator (RMS) computer program to simulate
the operation and maintenance of helicopter fleets of up to 24
aircraft. However, since the basic RMS model did not include
cost information, the economic consequences of changes in the
maintenance procedures could not be projected, and the cost ef-
fectiveness of contemplated reliability improvements could not be
evaluated. Consequently, to remedy these deficiencies, the RMS
model was revised and expanded to an RMS COST model by adding a
cost computation to determine all operating and maintenance costs
during the simulation period. The resultant RMS COST model wcs
demonstrated by executing a simulation of an OH-58 helicopter
company with a baseline mission and maintenance system scenario
and then with six alternative scenarios.-, The cost analysis
techniques used in the RMS COST model development and the model
itself are described, the output cost parameters are defined, and
the simulated OH-58 maintenance system alternatives are compared.
A user's manual and program source decks were prepared and sub-
mitted as separate data items.

~iii



TABLE OF CONTENTS

Section Page

1. INTRODUCTION ......... .................. 1

1.1 Background ......... ................. 1
1.2 RMS COST Modification ...... ............ 1
1.3 RMS COST Model Demonstration .... ......... 2

2. COST ANALYSIS TECHNIQUES ...... ............ 3

3. EXTENDED RMS ......... .................. S

3.1 Basic RMS Model and Insertion of Cost Logic 5
3.2 Input Requirements for RPS COST Model . . .. 6

4. RMS COST PARAMETERS ................ 9

4.1 RMS Inspection Costs ...... ............. 9
4.2 RMS Personnel Costs ..... ........... .. 10
4.3 Subsystem Maintenance Costs ... ........ .. 11
4.4 RMS Cost Summary ..... ............... ... 13

5. RMS COST DEMONSTRATION RESULTS .... ......... 15

5.1 OH-58 Baseline Problem ...... ............ 15
5.2 Failure Rate Alternatives ... .......... .. 27
5.3 Manpower Alternatives .... ............ .. 28
5.4 Fleet-Size Alternatives ... ........... .. 30

6. CONCLUSIONS ....... .................. .. 32

7. RECOMMENDATIONS ...... ................ .. 33

REFERENCES ......... ........................ ... 34

BIBLIOGRAPHY ......... ....................... ... 35

APPENDIX. RMS COST Model Outputs for 011-58 Alternatives . 37

k

V



LIST OF ILLUSTRATIONS

Figure Page

1 RMS Flow Chart ..................... 5

2 Input Card Setup for RMS COST Data ... ...... 7

3 RMS COST Model Input Parameters ... ........ 8

4 OH-58 Helicopter Baseline Scenario . . . . . . . 16

5 OH-58 COST Input Data . . . . . ........... . 18

6 RMS COST Model Output - OH-58 Baseline Problem . 22

7 Comparison of RMS COST Model Results - Failure
Rate Alternatives ...... .............. . 27

8 Comparison of RMS COST Model Results - Manpower
Loading Alternatives ................... 29

9 Comparison of RMS COST Model Results - Fleet
Size Alternatives ..... ................ 30

10 RMS COST Model Output - OH-S8 with 120% Failure
Rates ........ ..................... .. 38

11 RS COST Model Output - OH-S8 with 80% Failure
Rates . . . . . . . . . ........ .. . . ... . .. . 43

12 RMS COST Model Output - OH-S8 with Alternative
20 Maintenance Personnel Loading ............ 48

1.3 RMS CO1i ilodel Output - OH-58 with Alternative
36 Maintenance Personnel Loading ............ 53

14 RMS COST Model Output - OH-58 with 4-Aircraft
Fleet ......... ........................ 58

15 RMS COST Model Output - OH-58 with 3-Aircraft
Fleet ........... ...................... 63

vi



LIST OF TABLES

Table Pae.

I Sample Table - RMS Inspection Cost ... ....... 9

II Sample Table - Inspection and Unscheduled
Maintenance Personnel Costs ........... . 10

III Sample Table - Subsystem Maintenance Action Costs 13

IV Sample Table- RMS Cost Summary .. ........ .. 14

V OH-58 Time-Change Components . . . . . . . . . . 17

VI Manpower Assignment by MOS ... ........... ... 17

VII Manpower Alternatives ....... .............. 28

vii



1. INTRODUCTION

1.1 Background

As part of its reliability and maintainability program for
Army helicopters, the U.S. Army Aviation Systems Command (AVSCOM)
has employed the Reliability and Maintainability Simulator (RMS)
computer program. Written several years ago in GPSS V, this pro-
gram has been modified several times to more closely simulate
current Army helicopter operation and maintenance. The latest
modification adapted the program to the new three-level mainten-
ance concept (AVUM, AVIM, and Depot) to replace the older four-
level system (Unit, Direct Support, General Support, and Depot).
Among the latest program documents available through AVSCOM are
"Army Simulation Model Software Package," "Description of Model
Internal Operations," and "ARMS Input Forms."

The RMS program simulates the operation of a company of up
to 24 helicopters flying a prescribed mission type. The program
simulates the mission call, preflight inspection, flight, post-
flight and daily inspections, periodic inspections, unscheduled
maintenance, component replacement and repair at the field or
depot level, test hops as required, and return of aircraft to
the ready pool. Unscheduled maintenance and component failure
are simulated on a probabilistic basis; such failures (perhaps
causing an abort) can be detected in flight or during any of the
inspections. Manpower limitations are included so that aircraft
can be held NORM to await available maintenance manpower.

To support the extensive input requirement of the basic
RMS program, AVSCOM recently developed a Fortran program to
generate a large portion of the input data. This program was
used to develop the input data for the seven OH-58 test alterna-
tives executed during the RMS COST demonstration.

1 2 RMS COST Modification

Since the basic RMS model did not include cost information,
it could not project the economic consequences of changes in the
system reliability or in the maintenance procedures, nor could
it provide the savings associated with an increase in MTBF. Con-
sequently, the R&M Division could not evaluate the cost effec-
tiveness of contemplated reliability improvements.

Accordingly, Technology Incorporated was awarded a contract
to modify the RMS model by adding a cost computation to determine
total operating and maintenance costs during the simulation
period. To execute the RMS program when some or all of the cost
input data is unavailable, the modified program was designed to
bypass the cost computation on command of an input switch. The
revised model is called the RMS COST model.



1.3 RMS COST Model Demonstration

The RMS COST model was demonstrated by executing a simulation
of an OH-S8 helicopter company with a baseline mission and mainten-
ance system scenario and then with six alternative scenarios.

This report presents the cost analysis techniques, the de-
scription of the RMS COST model, the output cost parameters, and
a comparison of the simulated OH-58 helicopter maintenance system
alternatives.

The user's manual (Reference 1) for the RMS COST model con-
tains the operating instructions, the cost input requirements, a
description of the Fortran cost subroutines, a detailed listing of
the modifications to the basic RMS code, and a sample of the RMS
COST output. This manual does not contain instructions or input
data requirements for the basic RMS model.



2. COST ANALYSIS TECHNIQUES

The cost of ownership (CC0) philosophy used to develop the
costing techniques of the RMS COST model is described in the
AVSCOM R&M Manual (Reference 2). The terminology and definitions
in the RMS COST model were correlated with those in AR 37-18,
Reference 3. The cost equation is represented by (1) development
costs (DC), (2) production costs (PC), and (3) operating and
maintenance costs (OMC):

COO = DC + PC + OMC

The development cost (DC) is based upon the estimated costs
for applied research, engineering design, development, testing,
and evaluation.

The production costs (P'.) include nonrecurring (IN) and
recurring (IR) investment costs and program management (PM):

PC = IR + IN + PM

As stated in Reference 4, the recurring investment costs
include costs of components installed in delivered systems and of
the initial procurement of spares to satisfy pipelite requirements.
The nonrecurring investment cost includes those costs associated
with placing a component in operational service that are not
reflected in unit-cost procurements of the component. The costs
For administration are included in the program management cost.
The combined development and production costs make up the total
acquisitlion cost (AC), that is,

AC = DC + PC

and

COO = AC + OMC.

The operating and maintenance costs of the system include (1)
inspection cost (IC), (2) flight cost (PC), and (3) maintenance
cost (MC):

OMC = IC + FC + MC

The cost items of the RMS simulation that are applicable to
the inspection are the consumables, overhead, and manpower. The
flight costs associated with the number of flight hours include
the crew and flight consumables (POL) costs. The maintenance
costs are defined in terms of each of the three levels: unit
(AVUM), intermediate (AVIM), and depot. included in each level
are costs for personnel, consumables, overhead, components, trans-
portation, pipeline, and salvage. The salvage value is treated as
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a negative cost, that is, dollars which are returned to the sys-
tem. The pipeline cost is based on the method developed in Ref-
erence S. The RMS pipeline cost includes costs for replacement of
items that are condemned or retired and for replenishment of the
component inventory.

The costing in the RMS COST model includes two categorics:
acquisition costs and operating and maintenance costs. The cost
output from the model is described as the total cost of ownership
for the given simulation period. Since the model is only executed
for short periods of the actual helicopter life, the large total
acquisition cost would adversely affect the cost output. There-
fore, to keep the cost in perspective, the acquisition cost is
considered as a depreciation cost per flight hour. For the base-
line and demonstration runs, the acquisition cost was computed by
a straight-line type of depreciation.

The techniques used in determining the operating and mainten-
ance costs were based on the cost items available in the RMS COST
model. The simulation provides the basic parameters of the RMS
cost equations, namely, the manpower and the number of occurrences
of the various operation and maintenance events.

The inspection costs are presented in terms of the five types
of RNS inspections: preflight, postflight, daily, intermediate,
and periodic. The AVUM inspection and unscheduled maintenance
personnel costs include both direct and indirect labor costs.
Subsystem costs comprise the cost of component repair or replace-
ment at each of the major sources: AVUM, AVIM, depot, and pipeline.

4



3. EXTENDED RMS

3.1 Basic Model and In-ertion of Cost Logic

The basic flow chart for the RMS simulation computer program
written in GPSS V for the IBM 360/65 was extended to include the
capability of determining the cost for the simulated Army helicop-
ter operations and maintenance. The costing techniques are based
on the cost contributing factors noted in Figure 1, the RMS flow
chart.

READ R Jl I I I I I

DO'N ABORT DOWN yM ITCS
Y RELACEINSp

A/C? INSP COST

ASSIGN USH 111FLIGHT COST

L AN? SALVAGE VALUE

Figure 1. RIS Flow Chart

The RMS cost calculations are performed by a Fortran subrou-
* tine programmed to interface with the RMS model. This arrangement,rather than inserting the cost logic directly into the RMS model,

was chosen to keep the basic RMS model logic intact and to permit
execution of the RMS model without cost computations and their at-
tendant increases in computer time and memory requirements. The
Fortran subroutines were also chosen because of the difficulty of
handling the input and the lack of output flexibility with GPSS V.

To execute the 6-month OH-58 demonstration model with cost
computations required 300K bytes of core storage and a run time of
the central processing unit of about 3.5 minutes.

As indicated in Figure 1, the simulation begins with a
call for one or more helicopters from the ready pool. The
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number of helicopters sent from the ready pool to preflight
inspection will be equal to the number requested for flight and
standby unless the ready pool does not contain this many aircraft
in which case fewer aircraft will be sent. At the preflight
inspection block, manpower and time to perform the inspection are
assigned to this event. On the basis of a probabilistic func-
tion, the inspected aircraft will be either readied for flight or
grounded for maintenance action. Grounded aircraft are replaced
by standby aircraft if such aircraft are available. Aircraft
launched on the mission will either complete the mission or
abort. Aborting aircraft proceed to postflight inspection and
are replaced in the mission by standby aircraft if the launch
window permits. Although not used for the OH-58 simulation, the
postflight inspection block functions similarly as the preflight
inspection block. Following the postflight inspection block is a
decision block which determines whether each aircraft is due for
a scheduled daily, intermediate, or periodic inspection. If no
inspection is due, the aircraft is returned to the ready pool;
otherwise, the aircraft is sent to the appropriate inspection.
During inspection, manpower and time to perform the inspection
are assigned to the event. A probabilistic function determines
whether the aircraft requires unscheduled maintenance action. If
not, the aircraft are checked for a test hop requirement; other-
wise, they are sent to the appropriate repair location.

Each unscheduled maintenance action is assigned to one of
the components within one of the subsystems on the basis of a
random draw from a probability distribution. Either this action
is performed on the aircraft or the component is removed and re-
placed; if the component is removed, it is repaired at the unit,
intermediate, or depot level or it is scrapped if not repairable.
Each repair action and each remove and replace action is assigned
manpower and maintenance time at the appropriate station. Scrapped
components are assigned a salvage value (from the input data)
which is a negative expenditure. In addition to man-hour cost, the
cost at the repair locations includes overhead, component, consum-
ables, and transportation costs. It is assumed that all off-
equipment components that are repaired are returned to the inventory.

After scheduled inspections or unscheduled maintenance, all
aircraft are sent to a block which determines whether a test
flight is required because of the work performed. If no test
flight is required, the aircraft is sent to the ready pool. If a
test flight is required, a flight cost identical to that for a
regular mission (that is, for crew and consumables) is assigned,
and after the test hop the aircraft is sent to postflight inspec-
tion.

3.2 Input Requirements for RPIS COST

The cost logic was added to the RMS GPSS V program to permit
executing simulations with or without the cost computation. When

6



the costing algorithms are to be ignored, the only special input
requirement is setting a single-digit switch within the model.

A set of input data cards must be provided to use the cost
routines. As shown in Figure 2, the card setup consists of six
input data categories. The cost parameters within these cate-
gories are presented in Figure 3. The number of cards used in
each category depends on the number of MOS types, subsystems, and
components simulated. There must be one card for each AVUM, AVIM,
and Depot MOS used in the simulation. There must also be one
card for each subsystem and component. The individual cost
parameters of each card can be assigned a zero value.

"FLIGHT HOUR COST INPUT DATA)
/C OMPONENT COST INPUT DATA

SUBSYSTEM COST INPUT DATA

/DEPOT MOS COSTS INPUT DATA
AVIM MOS COST INPUT DATA
/ AVUM MOS COST INPUT DATA

o 0 0

. 0

a 0 a
O0

0

Figure 2. Input Card Setup for RIS COST Data
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AVUM, AVIM AND DEPOT MOB INPUT DATA
OMOS TITLE
0 AVERAGE HOURLY WAGE PER MOS
* AVERAGE HOURLY OVEIiHEAD RATE PER MOS
*AVERAGE CONSUMABLE COST PER EVENT

*OVERTIME FACTOR FOR AVUM MOS TYPES

SUBSYSTEM COST INPUT DATA
* SUBSYSTEM TITLES
* NUMBER OF COMPONENTS PER SUBSYSTEM

COMPONENT COST INPUT DATA
*COMPONENT COST
*COMPONENT SALVAGE VALUE
* TRANSPORTATION COST - AVUM TO AVIM
• TRANSPORTATION COST - AVIM TO DEPOT

*COMPONENT CONSUMPTION COST - PARTS & MATERIALS
*AVUM. AVIM AND DEPOT CYCLE TIME

FLIGHT HOUR COST INPUT DATA

* DEPRECIATION RATE PER FLIGHT HOUR

*FLIGHT COST PER FLIGHT HOUR
O CONSUMABLE COST PER FLIGHT HOUR

Figure 3. RMS COST Model Input Parameters
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4. RMS COST PARAMETERS

4.1 RMS Inspection Costs

Table I, RMS Inspection Cost, lists a cost for each inspec-
tion type at each AVUM MOS level. The hourly MOS manpower rate,
the hourly overhead, and the consumable rate per event are input
to the cost routine via the card data. The inspectiosa costs con
sist of costs for manpower, overhead, and consumables:

COST(I,J) = MMH(I,J)*(MRT(I)+ORT(I))+NIN(I,J)*CRT(I)

where

I = number of the AVUM MOS LEVEL

J = inspection type (preflight, postflight, daily,
intermediate, and periodic)

W4H = total inspection man-hours

MRT = hourly manpower rate

ORT = hourly overhead rate

NIN = total number of inspections

CRT - consumable rate for each inspection

TABLE I. SAMPLE TABLE - RMS INSPECTION COST

MOS PRE POST INTER-
NO FLIGHT FLIGHT DAILY MEDIATE PERIODIC TOTAL PERCENT

1 x x x x x $x P

2 X X X X X $X P

3 X X X X X $X P

N X X X X X sX P
TOTAL X X X X X Sx 100%

~PERCENT
iOF TOTAL P P 100%

* a S 00 09



4.2 RMS Personnel Costs

Table II, Inspection and Unscheduled Maintenance Personnel
Costs, lists costs for AVUM direct labor, indirect labor, and
overtime personnel:

REG(I) = (MMH(I)-OMMH(I))*MRT(I)

OT(I) - OMMH(I)*(MRT(I)*OTR(I))

IND(I) = (AVL(I)-MMH(I))*MRT(I)

TOT(I) = REG(I)+OT(I)+IND(I)

where

I - AVUM MOS number
REG = direct cost for regular labor hours
MMH - total maintenance man-hours
MRT - hourly manpower rate
OT - overtime cost
OMMH = overtime maintenance man-hours
OTR - factor for overtime rate difference
IND - indirect cost
AVL - total available man-hours during the simulation
TOT - total personnel cost

TABLE II. SAMPLE TABLE - INSPECTION AND UNSCHEDULED
MAINTENANCE PERSONNEL COSTS

DIRECT
MOS REG. OT INDIRECT TOTAL PERCENT

1 X X X X P

2 X X X X P

3 X X X X P

11 X X X X P

TOTAL SX SX SX $x 100%

PERCENT
OF TOTAL P P P 100%
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4.3 Subsystem Maintenance Costs

Table III, Subsystem Maintenance Action Costs, lists the
accumulated subsystem costs at the AVUM, AVIM, and depot main-
tenance levels, the cost to maintaiL the pipeline inventory,
and the salvage value of the condemned components of the subsystem.
The parameters to compute the subsystem cost include personnel,
MOS overhead, MOS consumables, components, component consumption,
pipeline, transportation, and salvage (negative cost) costs:

N
AVUM(SYS) I MMH(P)*(MRT(I)+ORT(I))+NEVT(P)*CMOS(I)

P,1

+01MH(P) * (OTF-1 .0)

N
AVIM(SYS) s MMH(P)*(MRT(K)+ORT(K))+NEVT(P)*(CMOS(K)+CPRT(P)

P-1

+ TRN1(P))

N
DEPOT(SYS) I MMH(P)*(MRT(J)+ORT(J,))+NEVT(P)*(CMOS(K)

P-I

+CPRT (P) +TRN2 (P))

N
SALV(SYS) = I CND(P)*SLV(P)

P=1

N
PLC(SYS) I (CND(P)+PLN(P))*PCST(P)

P-i

PLN(P) = UNC(P)+INC(P)+DNC(P)

UNC(P) = CPU(P)*(HSU(P)/HT)

INC(P) = CPI(P)*(HSI(P)/HT)

DNC(P) = CPD(P)*(I!SD(P)/ HT)



where

SYS = subsystem number
P - component number
N = number of components in the subsystem
MMH = total number of maintenance man-hours (including

overtime at the AVUM level)
MRT = hourly manpower rate
I = AVUM MOS number
ORT = hourly overhead rate
NEVT = number of occurrences of a particular event
CMOS = MOS consumable rate
CPRT - component-associated consumables and materials cost
K - AVIM MOS number
TRN1 - transportation cost from AVUM to AVIM
J - depot MOS number
TRN2 = transportation cost from AVUM to depot
PCST - part cost
SALV - total salvage value, which is a negative cost
PLC - pipeline cost
OTMH - overtime maintenance man-hours
OTF - overtime factor
CND - number of times a part is condemned
PLN - number of components required to maintain inventory
UNC - number of components from AVUM required to maintain

the inventory
INC = number of components at the AVIM level required to

maintain the inventory
DNC = number of components at the depot level required to

maintain the inventory
CPU = number of times the component was removed during the

operational period and ultimately repaired at AVIM level
CPI = number of times the component was removed during the

operational period and ultimately repaired at the
AVIM level

CPD = number of times the component was removed during the
operational period and ultimately repaired at the
depot level

HSU = number of total operating hours programmed during the
unit repair cycle time (where cycle time covers the
periods from removable to reinstallation ofthe item, based on FIFO processing).

HSI = number of total operating hours programmed during
the intermediate repair cycle time

HSD = number of total operating hours programmed during
the depot repair cycle time

HT = total utilization hours of platoon during operational
test period

12



TABLE III. SAMPLE TABLE - SUBSYSTEM MAINTENANCE ACTION COSTS

AVM AVO 0EPOT PART
NO. No. No. PIPELINE

ONA/C REMOVE/ OFFAIC TOTAL NO. TOTAL NO. TOTAL No. SALVAGE ICFI. T
OTAL %OF

SIYSTW REPAIRS REPLACE REPAIRS COST REPAIRS COST REPAIRS COST CINDEMNI VALUE COST COST TOTAL

I X X x S X S x S X -S S S P

2 X X X S X S X S X -S S S P

3 X X X S X S X S X -$ S S P

N X X X S X S X S x -S S S F

TOTAL X X x S X S X S X -S S S P

PERCENT P P P P 1%

4.4 RMS Cost Summary

Table IV, RMS Cost Summary, presents an overview of the simula-
tion. The previously determined direct inspection, indirect
personnel, and maintenance total costs are expressed as costs
per flight hour. These costs combined with the depreciation and
flight costs, which are input, represent the total cost of owner-
ship for the simulation period:

TDEP = HRF*IDR

TFLT = HRF*(CPF+CPC)

SYS = (TDEP+TFLT+TIN+TPR+TMN)/HRF

where
SYS = system cost
TDEP = total depreciation cost
TFLT = total flight cost
TIN = total inspection cost
TPR = total indirect labor cost
TMN = total maintenance cost
HRF = number of hours flown during the simulation
CPF = cost per flight hour (crew)
CPC = cost of consumables per flight hour
IDR = input depreciation rate based on the

acquisition cost and expected number of flight hours

• n i m • i i i i i m i i il
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The simulation statistics listed in Table IV were determined
independently of the cost:

UTP = (NAC*SIM-NORM-NORS)/(NAC*SIM)

MFMC = PMF/PMC

MICMF = PMCL/PMF

where

UTP = percentage of uptime/total time
NAC = number of A/C
SIM = simulation interval in hours
NORIM = number of hours the platoon is not operationally

ready - maintenance
NORS = number of hours the platoon is not operationally

ready - supply
MFMC = percentage of missions flown/missions called
PMC = number of platoon missions called
PMF = number of platoon missions flown, including aborts
MCMF = percentage of missions completed/missions flown
PMCL = number of missions completed

TABLE IV. SAMPLE TABLE - RMS COST SU MMARY

COST/FLIGHT TOTAL
HOUR COST PERCENT

DEPRECIATION X X P
FLIGHT X X P
DIRECT INSPECTION X X P
INDIRECT PERSONNEL X X P
MAINTENANCE X X P
SYSTEM X X 100.0

OSIMULATION PERIOD OF X DAYS
*TOTAL FLIGHT TIME OF X HOURS
OUPTIME / TOTAL TIME X
*MISSION FLOWN/MISSION CALLED X
OMISSION COMPLETED/MISSION FLOWN X

14



5. RNS COST DEMONSTRATION RESULTS

The RMS COST model software with several alternative mainten-
ance systems was demonstrated on the IBM 360/65 computer system
at AVSCOM. The AVSCOM R&M Division p-ovided the helicopter
system data, cost data, and maintenan,.- system data input for
each alternative. Technology Incorporated loaded the data for
each execution into the computer and checked the output for proper
functioning of the RMS COST model software.

The following sections describe the alternative maintenance
systems and the resultant simulation output. In addition to the
alternative maintenance systems, the final two runs were set up
to demonstrate the variation in cost when the number of aircraft
assigned to a company are reduced.

5.1 OH-58 Baseline Problem

AVSCOM selected a baseline problem that required simulating
a le-aircraft company flying 60 scheduled hours per week for a six-
month period in the scenario of Figure 4.

Each OH-58 aircraft was represented as a system containing
106 components which were grouped into 10 subsystems. As listed
in Table V, six time-change components were specified. The RMS
model is designed to scrap all time-change components when they
are removed at a periodic inspection because they reached their
specified life-limit. AVSCOM prepared input failure rate data
for each component on the basis of historical OH-58 maintenance
information. The probability of a component failure being dis-
covered during various events was as follows: preflight inspec-
tion, 0.000135; flight, 0.049; daily inspection, 0.030328; peri-
odic inspection, 1.0. Given that a component failure was dis-
covered during preflight, flight, or daily inspection, there was
a very small chance (<0.025) that two or three failures would be
discovered simultaneously. During the periodic inspection,
however, at least 5 and as many as 35 failures were detected
during each inspection with approximately 50% of the inspections
detecting 17 or more failures. Given that a failure occurred,
the input defined the probability of the involvement of each
subsystem and each component. Approximately 16% of the failures
were assigned to engine components and 64% to rotating conponents.

The RMS COST model also defines the manpower available in
each MOS (Military Occupational Skill) category. The size of
maintenance crew was so chosen that the model could respond to all
missions called (see Table VI). AVSCOM provided the cost input
data, which is illustrated in Figure 5.

15



SCENARIO SIMULATED FOR OH-SRA RMSwCOST DEMONSTRATION

ONE COMPANY OF t0 HELICOPTERS.

FLYING PROGRAM CONSISTS OF FIVE FLYING DAYS PFR WEEK WITH THE SIMULATION
INTERVAL COVERIPJG 102 DAYS.

MISSION DURATION IS 1.0 HOUR

LAUNCH SCHEDULE DURING EACH FLYING DAY
0730 3 AIRCRAFT
0930 3 AIRCRAFT
1130 3 AIRCRAFT
1330 3 AIRCRAFT

STANDRY AIRCRAFT PREFLIGHTED AND READY AT ALL TIMES DURING THE SCHEDULED
FLYING INTERVALS.

MISSION FLIGHT IS PnSSIBLF UP TO 30 MINUTES AFTER SCHEDULED FLIGHT TIME,
AFTER THIS INTERVAL, THE FLIGHT IS SCRURBFD.

MAINTENANCE CONCEPT SIMULATED

THE FIRST SHIFT LABOR IS SCHEDULED FROM 0700 TO 1500,
THE SECOND SHIFT LABOR IS SCHEDULED FROM 1500 TO 2300,
THE ONLY EXCEPTION TO THE ABOVE OCCURS WHEN THERE ARE NOT SUFFICIENT

AIRCRAFT TO MEFT THE FIRST MISSION DFMAND OF THE NEXT DAY.

DAILY INSPECTIONS ARE PERFORMED AT 24 HOUR INTERVALS DURING THE 5
WORKING DAYS,

PREVENTIVE MAINTENANCE PERIODIC (PMP) INSPECTIONS OCCUR AT 300 FLYING
HOUR INTERVALS. ELAPSED TIME TO PERFORM A PMP IS 10 HOURS.

NO POST FLIGHT n PREVENTIVE MAINTENANCE INTFRMEDIATE (PMI) INSPECTIONS
ARE PERFORMED,

THE AIRCRAFT HAVE 106 COMPONENTS WITHIN 10 SURSYSTEMS.

OFF AIRCRAFT COMPONENT MAINTENANCE MAY BE PERFORMED AT THE AVUM, AVIM
noR FPOT LEVELS.

THERE ARE 6 TIME CHANGE COMPONENTS. THE I COMPONFNT FROM THE ENGINE
ASSEMBLY IS CHANGED AT 300 FLYING HOUR INTERVALS, THE FIVE
COMPnNENTS FROM THE ROTATIONAL COMPONENTS ARE CHANGFD AT 1200
FLYING HOUR INTERVALS,

Figure 4. OH-58 Helicopter Baseline Scenario
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TABLE V. OH-58 TIME-CHANGE COMPONENTS

Subsystem Component

Code Description Code Description Life (hr)

3 engine assembly 17 engine assembly 300

4 rotating components 32 swashplate support 1200

4 rotating components 36 main rotor blade 1200

4 rotating components 37 main rotor hub assy 1200

4 rotating components 45 mast 1200

4 rotating components 52 tail rotor drive shaft 1200

TABLE VI. MANPOWER ASSIGNMENT BY MOS

1st Shift 2nd Shift
MOS Function (men) (men)

On A/C On A/C repairs 4
(primary work center)

Periodic MOS Periodic insp. & AVUM 3 0

off A/C repairs

Preflight Preflight inspections 1 0

Daily MOS Daily inspections 2 2

On A/C On A/C repairs (secondary 4 2
work center)

17



RM3S COST DATA

AVERAGE AVfRAGE HOURILY cnNSLIMAOLE nflVRTjfoE
AVUM4 MOS HnflJRLY wAGE (1VFRI4AD I4ATF RATE/EVENT FACT(Jk

I MN A/C M03S 11.63 0,0 0.0 Its
2 OFF A/C MOjS 1110: 0.0 0,0 1.s
I PFRIODIC mt)3 11.65 0.0 0.0 its
4 PRFFLTGHT 11.63 0.0 0.0 195
5 DlAILY MOS 11.81 0.0 01,0 i.s
6 OIN A/C MOS 11.65 0.0 0,0 1.5
I AVtON mr)5 7 11.61 0.0 0.0 1.5
8 AVUM &1fl5 8 11l. 0.0 0.0 1.5S
9 AVIIN MO~s 9 t11,6 0,0 0.0 1.$
t0 Avilm *flS I 1 11.64 0,0 0.0 Its
11 AVON MntS It 11.61 0.0 0.0 1.51
12 AvtIm n Ntp1 1116S 0.0 0.0 1.s
11 AVUM NtiS ti f1.61 0.0 0.0 I's
14 AVON NtiS 14 11.61 0.0 0,0 1I

AVER#'4F AVERAGE tfHURLY C(INSUMARLE
AVIM PiUS H'R1L', wAGE 0VFRhSKA1 RAVE RMT/EVENT

I AVYM MOCS 1 11063 0,0 0.0
2 AVI4 mntS 2 11,61 0,0 0.0
3 &vim mnts 1 11,61 0.0 0.0
4S AV I I Mfl13 4 11061 0.0 0.0
13 Avim mfl5 It-Ohl0.00
6 AvIN %flS h 11.S30. 0.0
7 AVIM mntS 7 11.61 0.0 0.0
A AVIM mntS s 11.61 0.0 0.0
q AVIm Mki 9 11,61 ,1 0.0

10 AVIM Nf)s 10 11.63 0.0 0).0
it AviN mfl5 it 11.1 0.0 0.0
12 AVIN NtiS 12 11161 0.0 0.0

AVFQAGF AVERAGE HOURJLYV CNSIIMARLF
DEPOT MIPS H1JRLY iNAGF UVERHEAD RATE WATF/LVFNI

I I)EPOT mnS 1 11.61 0.0 00
2 DFPfli NIS 2 11.61 0.0 n0
I nO Poi mtIS j 11.63 0.0 0.0
a~ W(IPT uOS 4 11,63 0.0 0.0
%i nEPtT NtiS 5 11.1i 0'a 0.0
6 oE pr)T NtiS h 11I.6h 0.0 0.0
7 DPOET NtiS 7 11.63 0.0 01.0
A DFP(1T WI3 9 11.61 0.0 0.0
9 DFptiT mnIs 9 I1,61 0.0 0.0

Figure S. OH-58 COST Input Data
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SUBSYSTEM 4n, C(IMP(INENTS

I STIJCTIIIE II
a LANOING (;FAR 3
3 FNGP4F ASSY Ir
4 RO7ATC(1MPIIN 31
S HYDRAU| SYS 4

6 INSTRtMENTS 10

I FLECTRICAL 9
a FUFL 4
9 FLT CiINIRIILS I
to NV/COM COMP I?

$Itl- C1140nNF'YT SALVAGF TRANS. COST TRANS. COST C(ONSUMARLE AvUm AVTM OEPOT
COMPI)NENT SYSTFM (113T VALUr AVtjUm - AVIT' AVIM - OFPOIT COst CYCLE TIME CYCLE TIME CYCLE TIMF

1 1 464.00 199.20 0.0 0.0 0.0 71 11 71

,2 1 t0.00 42.00 0.0 0.0 0.0 111 Ill !1

3 1 *400.00 51*00.00 01.0 0.0 0.0 61 h IAhl
4 1 41S.00 93.90 0.0 0.0 0.0 91 91 9t

S 1 56P.00 tA.ft a 0.0 0.0 0.0 59 S9 59
6 1 6S*00 197.1*0 0.0 0.0 0.0 5o 59 9

1 75,0" P2.5. o,0 0,0 0.1) 41 61 61

8 10,900 I16.70 0.0 0,0 0,O 63 6, 65
9 41.o0 m11.00 0.0 0.0 0.0 61 61 63

to I9.on ?1*,.70 0.0 0,0 0.0 8

It I ton7.00 102.10 0,0 0,0 0.0 A? h? 62

12 A 20.00 60.60 0,0 0.0 0.0 11 7 7

13 ? *7 .00 11.2;0 0.0 0,0 0.0 66 66 66

11* 2 6.00 1.110 0.0 0.0 0.0 92 qp9?
1% 1 9.0o 2M.50n 0.0 0.0 0.0 *2A I1 20
to I I*10nO 463n0 n.0 0.0 0.0 10l1 too 10

17 3 17662.00 S1 .o0 0.;) 0.0 0 0 61 63 h3

to 3 1427.04 PP0.10 0.0 0.0 0.0 P 62 A2

19 3 1*0.00 11S.00 0.0 0.0 0.0 6P 62 62

20 $ 300.00 1155.00 0.0 0.0 0.0 01 101 03
21 3 4.s0 1.3.5 0.0 0.0 0.0 go0 g0 90

22 S so,00 1.00 0.0 0.0 0.0 h6 6 6

23 5 170.00 P31.00 0,0 0.0 0.0 Al PI II

21 1 40.00 13P.00 0.0 0.0 0.0 6b 66 66

2S 3 *tio.on 303.00 0.0 0.0 (). 68 bi 6

26 3 64 ,00 10%.;0 (1,0 0.0 0,0 h9 69 69

2? 3 0O.00 1.0 0.0 0,0 0,0 ht 6* ft
pa 3 p15oo h60.0 0,0 0.0 0.0 76 76 76

29 3 *5.o0 0.50 0.0 0.0 0.0 it 7i 71

$0 4 ?AO.mo 7.00 O,0 0.0 0.0 9 q 9

31 a '6.00 *.00 0.0 O.0 0.0 Al A- A3

32 4* *1*0.00 *11.00 0.0 0.0 o.0 A10 00 OR

33 1 *,.0 i5o 0.0 0.0 0.0 A 'A' S
14 4 7A.04 1.4n ,0 0.0 0.0 6' 65 AS

I5 s 1.00 16.00 0.0 0.0 0.0 SA 5% S9

36 4 ) 0n.no 6106.0 0,0 0.0 0,0 At $1 at

17 Q ?"50.00 765.00 0.0 0.0 0.0 69 69 69

3h pajoo .1.,O 0.0 0.A 0,0 A A 0 h3
39 a 0.no 15.0 o n,0 0.0 n.0 96 0#, Ph

*0 1 79S0,00 ai,5.00 0.0 0.0 0.0 *30 *11 *50

41 0 1.00 1.3n 0.0 0.n 0.0 h9 19 69

4? 4 166.06 *09.00 0.0 0.0 0.0 Ili 11 131
04 1 Pn.no h6.00 0.0 0.0 0.0 71 71 it

44 1 1 *15.0n 10. so 0.0 0.0 00 A I1 90 9

4S 4 iJA?.Dn 14. 0.0 0.0) 0:0 A2 AP h?

4h6 U 16.00 1*,Ao (1.0 0.0 0.0 61a Au 61

1*7 * iin 5.00 1.01 .0 0,0 0.0 13 11 75

41, 9,00 0., *1. 0.0 0,0 9* QI 91

11 q* A0.00f ;0.00 0.0 0.0 0.0 74 ; 7 Q

So ' t *1%flo 40%. no 0.0 0.0 0.0 ISA IAA *311
PA. (on ft. .00n 0.0 0.0 0,0 I~' L0 ?A IP

j A * )00A 69,m1) 0.0 0.0 0.0 %91 %A

Figure 5 - Continued
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4r SU- CI3~tPnFlPNT AALVAf.F TRANS. CflST TRANS. CflsT CUINSIIMAIILV AVIIO AVIli (1tpn

cI)mpnl4 systEm cns? VAL OF AVUM * AVI~ V1 vv OtPOT C1S7 rCCL ImF CYCLf TIME CYCLF TIPQ

0 193. no IF.S0 0.0 0.0 0.0 9 6 9 96

54 a t.00 0.30 0.6 0.0 0.0 6S bs bs

SS% 110.00 55.00 0.0 0.0 0.0 106 108 ton

0 %.o Ij.0 * 0.0 0.0 90 9.o 90

SY ?00 .Sf0 0.0 0.0 0.0 76 76 7

so I ;040.0" 0.00 0.0 0.0 0.0 is 73 7

49 4 150.00 59.n0 (1.0 0.0 0.0 fi1 61 fit

60 4 s0.00 15J.00 0.0 0.0 0.0 lO0S t0n 106

61 13 ?40.00 69.00 0.0 0.0 0.0 hi bS 61

62 S 153.0n 0.S0 0.0 0.0 0.10 hi 63 64

65 b~ 6Ah.00 e'%6.90 0.0 0.0 0.Q b 65 63 6

60 S 15n.00 '8S.00 0.0 0.0 0.0 fib 66 66
65 h 155W.00 06.50 0.0 0.0 0.0 tin tin jig

66 h 130.00 00.;PO 0.0 0.0 0.0 I0N 10 OR06o

b7 b 119.00 313.70 0,0 0.0 0.0 994 99 99

66 4. Iqo.00l I?.00 .1.0 0.0 0.0 Ion 100 too
69 6 03mb6.00 t0%.AO 0.0 0.0 0.0 Ila IlF 138
In 6 h7.00 P0.10 0.0 0.0 0.0 544 %9gi

77 7 t#6.00 13.60o 0.0 0.0 0.0 b966 h

72 h 110.00 31.00 0.0 0.0 0.0 S9 139 S9

73 h 20.011 60,00 0.0 0.0 0.0 61 61 61
70 6 ?7.00 m~to 0.0 0.0 0.0 so CIA Si
71) 7 14.0f) S.40 0.0 0.0 0.0 S6 r6 A S

16 7 ?5.10A 75.90 0.0 0.0 0.0 la 03 0
76 74b.00 12.60 0.0 0.0 0.0 58k 56 90

79 1 176.00 12P.60 0.0 0.0 0.0 s6 sn Ss

79 ? 5?.0 0I.90 0.0 0.0 0.0 ?6 71 76

so I 500o.fl 00.00 0.0 0.0 0.0 SA fA be

A? 7 .I gi 0(.4f, 0.0 0.0 0.0 SiF SF

63 1 &'.00 1.20 0.0 0.0 0.0 toF 100 l0x

40 Fj.810 0.90 0.0 0.0 0.0 67 by 67

65 6ps.00 6.90 0.0 0.0 0.1 h 0 69

66 6 50 176.502 0 0.0 0.0 67 67 6

47 6 115.00 50.5n 0.0 0).0 C. .0 1 It 73

ag 9 '5.0f) 159.00 0.0 0.0 0.0 54 S6 is

89 9 55.00 9.90 0.0 0.0 0.0 bd 61hl1

90 9 95.00 2A.Sn 0.0 0.0 0.0 al Al at

91 9 310.00 13.00 n.0 0.0 0.0 bs 65 hs

9? 94 316*0fl 54,0 0.0 0.0 0.0 10 70 70

93 94 lpn.on 16.00 0.0 0.0 0.0 it 71 71

94 9 645.00 2%0.04 0.0 0.0 0.0 71 ?1 74

q!% t0 7A0 7690 0.0 0.0 0.0 66 MR 6
Oh In .A6ps.on I77sn ().( 0.0 0.0 668 M6A

97 I0 P00A.fl 60.00 0.0 0.0 0.0 MA 66 he

96 I0 o 500f0 165.510 n.0 0.0 0.0 4.0 60 60

944 In ?n000.0'4 (1.0.0 0.0 0.6 An An Me

100 10 %150.00 945.40 0.0 0.0 0.0 60 h0 6A

lot 10 1411.00 l0?.39 n.0 0.0 0.0 7s 15 7;

10? Ie 2745.00 610.90 0.0 0.0 0.0 66 he 66

103 t0 4>nO.00 1p7.%0 0.0 0.0 0.0 717 7

tom to 4?50.00 I?7.Sn 0.0 0.0 0.0 7111 71

100% 1n Rnn~mn 0.0f 0.0 0.0 0.0 l0g 1n6 106

tOE. to I600.00 ,540.00 0.0 0.0 0.0 60 60 b

O(PRECIATl(1N W&,t PQ FLIGHT HnfijI 15.70

FLIGHT CST PER FLIGHT' tHfli 20.00

CONSU'MAOLL COST PF14 FL116? N)UR 10.00

Figure 5-Concluded
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The results of the simulation for the baseline priblem are
presented in Figure 6. The output comprises five parts: Basic
R&M RMS Output (Figure 6-a), RMS Inspection Cost (Figure 6-b),
Inspection and Unscheduled Maintenance Personnel Costs (Figure
6-c), Subsystem Maintenance Action Cost (Figure 6-d), and RMS
Cost Summary (Figure 6-e).

In Figure 6-a, the 182-day simulation produced 1572.5 flying
hours of which 1549 were completed missions. The mission relia-
bility (missions completed/missions flown) was 99.29 percent. The
operational availability (uptime/total time) was 86.51 percent.
The system MTBF was 10.99 hours, and the mean time between main-
tenance was 10.77 hours. For each flight hour, 1.72 man-hours on
the average were spent at the unit level for preventive main-
tenance and 6.09 man-hours on the average from all levels com-
bined were spent for corrective maintenance. All data in this
table came from the basic RMS model and do not depend on any of
the cost logic or input data.

The first of the cost model printouts, Figure 6-b, gives the
total inspection cos&. Of the $24,809 spent for n'npower and
consumables used during inspections, 81 percent was for daily
inspections.

The second of the cost model printouts, Figure 6-c, summarizes
the unit maintenance personnel costs by MOS category. Since the
titles for the MOS levels were selected arbitrarily, they are not
completely descriptive (for instance, the "Periodic MOS" person-
nel perform not only the periodic inspections but also the AVUM
off-aircraft component repairs). A total of $241,904 was re-
quired to support the unit personnel for 6 months. The 80.53
percent spent for indirect labor represents only the time the
maintenance personnel were nct actively working and does not
include support and management functions. These latter "over-
head" costs vere introduced through the man-hour rate applied.

Figure 6-d presents maintenance repair and pipeline costs
with a breakdown by subsystem and by organizational level. Of
the total $170,199 in this figure, approximately 62 percent was
spent on the engine assembly and another 37 percent was spent on
the rotating components. The breakdown of maintenance costs by
organizational level was 13 percent for AVUM, 3 percent for AVIM,
53 percent for depot, and 31 percent to maintain the pipeline.

The RvS Cost Summary printout, Figure 6-e, includes the
total operation and maintenance costs for the baseline problem.
As shown, the total system cost was $461,577 or $293.53 per
flight hour.
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R&M DIVISIONt PROI)UCT ASSURANCE UIPECTGRATF

R 9 M SIMULATION (RMS) MODEL

AIRCRAFT STATISTICS

TOTAL FLYING HOURS 1572.5

FLYING HOURS - COMPLFIEn MISSIONS 1549.0
FLYING HOURS - ABORTED MISSIONS 5.5
FLYIKv HOURS - TEST HOPS 1b.O

MISSION RELIABILITY 99.29
SYSTEM MTBF I()99

INHERENT AVAILABILITY 7.50
AChIFVED AVAILABILITY b6.56
OPCATIONAL AVAILAeILITY bf.51

MEAN TIM PETWEEN RAIfTENANC 10.77
VEAN TIMt TO REPAIR 3.33

AVOM PREVENTIVE MMI-/Fh (INSPECTIONS . SFRVICINU) 1.72
AVUM SCHEUULtD MMH/FH WIINSPFCTIOINS T entS) 1.72
AVUM C]PR-CTIVE MMP/FF . 85
AVUM & IN[TFFMFDIATF CCRRFCTIVE *.IMH/FH 1.15
INTITFMF IATI CURR[CTIVr M'ii-/rI .30
tEPOT CCPRECTIVF MMH/f-H 4.4
TUTAL CORkECTIVF MPH/FH (.09

a. Basic RMS Output

Figure 6. RMS COST Model Output - OH-S8 Baseline Problem
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RMS COST SUMMARY

COST/FLIGHT HOUR TOTAL COST PERCENT

DEPRECIATION 15.78 24824. 5.36

FLIGHT 29,8s 46940, 10.17

DIRECT INSPECTION 15078 24809, 5.37

INDIRECT PERSONNEL 123,89 194815. 42.11

MAINTENANCE 108e23 170199. 36,87

SYSTEM 293,53 461577. 100.00

TOTAL SIMULATION TIME (DAYS) 182.0

TOTAL FLIGHT TIME (HRS) 1512.5

UPTIME/TOTAL TIME 86e51

MISSIONS FLOWN/MISSIONS CALLED 100,00

MISSIONS COMPLETED/MISSIONS FLOWN 99o29

e. RMS Cost Summary

Figure 6 -Concluded
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5.2 Failure Rate Alternatives

The first two OH-58 alternative problems were formed by mul-
tiplying the baseline failure rate by 1.2 and by 0.8. Figure 7
compares the output results with these two alternatives. The
complete set of the printouts for the alternatives are included
in the Appendix.

AIRCRAFT STATISTICS FAILUME MATF FAII1Mt ATt FAILOuwF wAl
HASELiNI I..(PAStLINE) h0.8(ASELINt)

TOTAL FLYING HOURS 1572.5 1563.5 IS62.5

FLYINI HOURS - COMPLEFTED MISSIONS 1549.0 1529.0 IS39,0

FLYING HOURS - ABORTED MISSIONS 5.5 L5.5 I0.S

FLYIt w HOURS - TEST HOPS 18.0 19.0 1.0

MISSION RELIABILITY 99.29 91.01 6,6-3

SYSTEM TBF 10.9o 6.10 10.42

INHERENT AVAILABILITY 97.50 91.97 91.27

ACHIFVEO AVAILABILITY 66.56 02.06 66.65

OPERATIONAL AVAILABILITY 6.51 02.06 66.8s

MEAN TIMt OLTWEEN MAIKTENANCE 10.77 5.9- 10.1

MEAN TIME TO REPAIR 3.33 3.54 0,34

AVU1 PREVENTIVE MMh/Fh (INSPECTIONS 6 SERVICING$ 1.72 1.80 1.?2

AVUN SCHEDULED MMH/FH (INSPECTIONS 6 T6e0i 1.72 1.74 1.72

AVUN CORRECTIVE MMI/F .85 1.91 1.44

AVUM & INTEPFDIATE CORRECTIVE MMH/FH 1.15 2.36 1.82

INTFRMFDIATE CORRECTIVE M4H/FH .30 .45 .30

IEPOT CUPRECTIVE MMH/FH 4.94 14.68 S,ss

TUTAL CORRECTIVE MPH/FH 6.09 17.04 7.7

a. Basic RMS Output

AILsIUF WEAT FAILURF MATE FAILtiME NATE
HASELINF 1,a(AASNLINF) 0O.(HASELINE)

COST/FLIGHT HOUR CUST/FLIUNT HOUR COST/FLIGHT "OUN
..................................................

DEPRECIATION 15.76 15.78 b.78

FLIGHT 9, 9.% .9,AS

DIRECT INSPFCTION 15.78 15.36 15.R6 I

INDIRECT PERSONNFL 12),A9 112.28 110.01

MAINTENANCE 108.?3 255.42 12%.6s
............. ....---------- - ---- .................

SY3TEM 293.53 418.63 30S.15

................................ . ........................ ....................

TOTAL SIMULATION TIME (DAYS) 182.0 182.0 182.0

TOTAL FLIGH' TIME (MRS) 1512.S 1563.5 Is256

UPTIM/TOTAL TIME 06.51 82.08 06.S

MISSIONS FLOwN/NISSIONS CALLED 100.0) LOO.00 100.00

MISSIONS COMPLETED/MISSIONS FLOWN qqe*q 96.01 96.6s

b. RMS Cost Summary

Figure 7. Comparison of RMS COST Model Results
Failure Rate Alternatives
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With ten aircraft available to respond to the mission
calls for three at a time, the failure rates had little effect
on flight hours or on aircraft availability or reliability. The
system MTBF decreased significantly from the baseline when the
system failure rate was increased to 120 percent, but it did not
change significantly when the failure rate was reduced to 80
percent. The inconsistency of the results for the problem with
the 80 percent failure rate was traced to randomly generated
initial airframe hours which caused the aircraft with the 80
percent failure rates to undergo four periodic inspections with
the attendant unscheduled corrective maintenance while the air-
craft with the baseline failure rates required only three peri-
odic inspections. This 25 percent increase in periodic inspec-
tions and component maintenance action nullified the effects of
the 80 percent reduction in failure rate.

The costs for the failure rate alternatives are compared in
Figure 7-b. The problem with the increased failure rate indi-
cated a system cost of $428.63 per flight hour compared with the
$293.53 per flight hour for the baseline problem. As explained
above, the execution of the problem with the reduced failure rate
did not evidence the expected decrease in cost; but at $305.15
per flight hour, the cost was a little higher than the baseline
cost because of the maintenance cost.

5.3 Manpower Alternatives

The second two OH-58 alternative problems were derived from
the baseline failure rate by modifying the manpower loading as
shown in Table VII.

TABLE VII. MANPOWER ALTERNATIVES

No. of Men (Ist Shift/2nd Shift)

MOS 20-men 20-men 36-men
Level Baseline Alternative Alternative

On A/C (Primary) 4/2 6/2 6/6

Periodic MOS 3/0 3/0 3/3

Preflight 1/0 1/0 1/1

Daily MOS 2/2 2/0 2/2

On A/C (Secondary) 4/2 4/2 6/6

The outputs of the manpower loading alternatives are com-
pared in Figure 8. The complete set of the printouts for these
alternatives is included in the Appendix.
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AIRCRAFT STATISTICS 20-FN Po-0. $-

R*SEL5.t ALI*UlAfIVF ALIERNATIVE

TOTAL FLYING HCURS 1512.5 1 33.5 1544.0

FLYING HOURS - COMPLFTED MISSIONS 1549.0 2307.0 1528.0
FLYING HOURS - ABORTED MISSIONS 5.5 4.s 1S.0
FLYIhM HtURS - TEST HOPS 18.0 23,0 24.0

MISSION RELIABILITY 99.29 90,31 97.94

SYSTEM MTBF 10.99 11.70 68.1

INHERENT AVAILABILITY 97.50 97.96 97.1

ACHIFVEO AVAILABILITY 06.56 IM.7b 36.06

OPERATIONAL AVAILAILITY 66.51 IR76 06.06

MEAN TIMb eETWEEN MAINTENANCE 10.1? 12.60 6.67

MEAN TIME TO REPAIR 3.33 3.bi 3.99

AVUM, PREVENTIVE MMI/Fh (INSPECTIONS C SERVICING) 1.72 2.62 2.13

AVUN SCHEOUD MMH/FH IINSPECTIONS C TBOS) 1.72 2.62 2.07

AVUN CORRECTIVE MMI/F8 .5 1.1s 2.04

AVU & INTEPMEOIATE CrRAECTIVE MMH/FH 1.15 1.3b 2.57

INTEPRMFIATE CORRECTIVE MM4h/FH .30 .23 .53

DEPOT COPRECTIVE MPH/FH 4.94 6.11 0.62
TUTAL CORkECTIVE MPH/FH 6.09 7.07 10.99

a. Basic RMS Output

MAsTr INL ALTFWIqAT1Vt ALTFQ1ATIk
CUSTI/FLIGHT HOUR CUT7/FLIGmT HOUN COST/FL1;HT 4OUR

.....................................................................................

DEPRFCIATION IS.To IS.76 15.78

FLIGHT PPp ?9.7' 29.70

DIRECT INSPFCTION Ib? 17.66 16.20

INDIRECT PFRSONNFL 123,09 250U.0 ?29.71

MAINTENANCE 100.?s 211.6 19B.50

...............................................................................

SYSTEM 293.53 325.63 89.96

...............................................................................................

TOTAL SIMLiLATION TIME (DAYS) 18.0 142.0 262.0

TOTAL FLIGHT TIME (WRS) t512.1 1 310.s, 2 8,O

UPTIME/TOTAL TIMf 86.52 12.76 86.A4

MISSIO04A FLON/MIBSIS CALLFO I00,') q. S5 100.00

MISSIONS (OMPLfTfO/MISSInS FLOWN qq.*9 Q9.11 *T194

b. RMS Cost Summary

Figure 8. Comparison of RMS COST Model Results
Manpower Loading Alternatives
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Two interesting results shown in Figure 8-a are the very low
operational availability (18.76 percent) for the 20-men alter-
native and the relatively low system MTBF (6.81 hr) and mean time
between maintenance (6.67 hr) for the 36-men alternative. The
first result was due to a backup of aircraft awaiting daily
inspection because the second shift of "Daily MOS" was not used
on the 20-men alternative. The second result was caused by an
increase in the number of component failures found because five
periodic inspections were performed for the 36-men alternative
while only three periodic inspections were performed for the
baseline problem.

In Figure 8-b, the costs for the manpower loading alterna-
tives have an orderly progression from $293.53 per flight hour
for the 20-men baseline to $325.63 per flight hour for the
20-men alternative and to $489.96 per flight hour for the 36-
men alternative. In each case, the costs were dominated by the
indirect costs of inactive personnel.

Although the minimum number and optimum distribution of
maintenance personnel in the various MOS levels could likely be
determined, this was not attempted. These variables can be
optimized on system cost and missions flown/missions called.

5.4 Fleet Size Alternatives

The baseline 10-aircraft fleet was replaced by 4-aircraft and
3-aircraft fleets to form two alternative problems. The complete
set of the printouts for these alternatives is included in the
Appendix. Figure 9 summarizes the results of the alternatives.

AIRCRAFT 5TATISTUCS -l =/ -t

TOTAL FLYING "CURS tS72.5 168.S 14j3.O

FLYIN6 MOURS - COMPLFIEO nMISSIONS 1549.0 I1U%.0 1409.0
FLYING HUURS - ABORTED MISSIONS s.s 9.5 12.0
FLYINw HOURS - TEST HOPS 18.0 14.0 12.0

mISSION RELIABILITY 99.29 98.70 V8.12
SYSTEM MbF 10.99 Q.bq 10.02

INHERENT AVAILA9IL|TY 97.50 86.01 92.35
ACHIFYE AVAILABILITY 06.56 82.98 8.0?
OPERATIONAL AVAILAeILITY 86.51 92.9s 7.790

MEAN TIME BETWEEN MAIWTENANCE t0.7? 9.3s 9.74 I
MEAN TIME TO REPAIR 3.33 4.3b 3.13

AVUM PREVENTIVE MMH/Fh IINSPFCTIONS £ SERVICINGI 1.12 1.10 .95
AVUM SCHEUULID MMH/FH IINSPECTI|)NS G. T811SI 1.12 1.24 .88
AVUM C3PRECTIVE Mmf-/IF. .85 1.5? 1.12
AVUM & INTERMFOIATE CrAFCI IvE MH/FH 1.15 1.71 1.53
INTFMNFOIATE CURRCTIv I Fq04" .30 ft .41
bEPOT C'.ECTiVE MHH/PH 4.94 7.'a 1.49
TuTAL CORkECTiVF /HIFH 6.09 9,9? 3.02

a. Basic RMS Output

Figure 9. Comparison of RMS COST Model Results -
Fleet Size Alteratives
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to-A/C S4l( 1-A/C
11AS LINt ALIERVAThIV ALTFRNATIVE

COST/FLIGHT HOUR COST/FLIGHT HOUR COST/FLIGHT HOUR
o....... ....... ................ow m .. ..............--

DEPRECIATION 15.78 Is.78 15.18

FLIGHT ?9.8% 29.84 29.83

DIRECT INSPFCTIOh I-J,7 8.15 7.16

INDIRECT PERSONNEL 123.A9 131.67 146.13

MAINTENANCE 108.03 163.83 92.06

SYSTEM 243,53 351.24 290.97

TOTAL SIMULATION T1NE (DAYS) 182.0 182.0 182.0

TOTAL FLIGHT TIME (HRS) 1572.5 1468.S 1433.0

UPTIME/TOTAL TIME 86,51 AW.9S 87.90

MISSION$ FLOWN/MISSIONS CALLFO 100.00 93,84 91.65

MISSIONS COMPLETEO/MISSIONS FLOWN 99,9 98.70 96.32

b. RMS Cost Summary

Figure 9 - Concluded

The comparison of the flying hours in Figure 9-a shows that
the reduced fleets are unable to respond to some mission calls.
The system MTBF's, however, are roughly equal for the 3-aircraft,
4-aircraft, and 10-aircraft fleets. The depot-level corrective
maintenance man-hours per flight hour for the 3-aircraft alterna-
tive are unusually low when compared with the baseline and 4-
aircraft alternative. These low man-hours were due to an ex-
tremely short time to repair for two of the three engine assembly
components sent to depot. The time to repair was computed from
an input value for man-hours on a random number drawn from an
exponential distribution.

The cost comparison in Figure 9-b shows a reduction in the
direct insp.('ion costs per flight hour for the smaller fleets
because fewer daily inspections are required for the same total
flight time. Of course, there is an offsetting increase in the
indirect personnel costs per flight hour. The maintenance cost
per flight hour is lowest for the 3-aircraft fleet because of the
low cost of the depot-level maintenance, as described above. As
expected, the 3-aircraft fleet had a higher operational availa-
bility (uptime/total time) than the 10-aircraft fleet since the
smaller fleet iad the same number of maintenance men available
as the larger fleet.
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6. CONCLUSIONS

(1) The revised RMS COST model produced satisfactory results
with and without the optional cost computations.

(2) The RMS COST model has proved capable of evaluating the
costs of maintenance system alternatives.

(3) Because of the random initial assignment of aircraft
times to the next periodic inspection and the random
selection of tircraft called from the ready pool by
the basic RMS model, the computed system MTBF and costs
are often unpredictable.

(4) The input data used for OH-58 time-change components
was not considered realistic because the basic IMS
model always scraps a component when it reaches
TBO. The component cost should have accounted for a
mix of new and overhauled components.
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7. RECOMIENDATIONS

(1) The R&M Division should develop complete documentation
(including the basic RMS logic) for a standardized RMS
COST model. The model configuration should be
carefully controlled with all changes properly docu-
mented. The output should be redesigned to provide an
automatic descriptive scenario output and a more read-
able format of some of the standard GPSS tables.

(2) For a more realistic simulation of fleet maintenance,
the periodic inspections (within the RMS logic) should
be scheduled on a regular basis according to total fleet
usage. In addition, individual aircraft usage should be
adjusted by using high-time aircraft for standby until
they are scheduled for inspection or by some other method
of setting priorities such that aircraft are called from
the ready pool on the basis of their prujected scheduled
maintenance requirements.

(3) The model should have an option to permit cost and
reliability sensitivity studies by executing the same
simulation several times while varying only one parameter.

(4) The model should be modified to track costs of compon-
ents with a warranty. This will require changes in the
basic RMS model to store hours on individual components
and to condemn (return to vendor) all components which
fail under warranty. In addition, the cost logic will
require changes to accept the cost terms of typical
warranty arrangements.
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APPENDIX

RMS COST MODEL OUTPUTS
FOR OH-S3 ALTERNATIVES
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R&M DIVISION, PRODfJCT ASSURANCE DIRECTORATE

R & M SIMULATION (RMS) MODEL

AIRCRAFT STATISTICS

TOTAL FLYING HOURS 1563.5

FLYING HOURS - COMPLETED MISSIONS 1529.0
FLYING HOURS - ABORTED MISSIONS 15.5
FLYING HOURS - TEST HOPS 19.0

MISSION RELIABILITY 98.01
SYSTEM MTBF 6.10
INHERENT AVAILABILITY 91.97
ACHIEVED AVAILABILITY 82.08
OPERATIONAL AVAILABILITY 82.08

MEAN TIME BETWEEN MAINTENANCE 5.99
MEAN TIME TO REPAIR 3.54

AVUM PREVENTIVE MMH/FH (INSPECTIONS E SERVICING) 1.80
AVUM SCHEDULED MMH/FH (INSPECTIONS & T80S) 1.74
AVUM CORRECTIVE MMH/FH 1.91
AVUM & INTERMEDIATE CORRECTIVE MMH/FH 2.36
INTERMEDIATE CORRECTIVE MMH/FH .45
DEPOT CORREClIVE MMH/FH 14.68
TOTAL CORRECTIVE MMH/FH 17.04

a. Basic RMS Output

Figure 10. RMS COST Model Output - OH-58 with 120% FaiJures Rates
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RMS COST SUMMARY

COST/FLIGHT HOUR TOTAL COST PERCENT

DEPRECIATION 15.78 24672. 3.68

FLIGHT 29o78 46560. 6.95

DIRECU INSPECTION 15.36 24021. 3.58
4

INDIRECT PERSONNEL 112.28 175557. 26.20

MAINTENANCE 255.42 399349. 59.59

SYSTEM 428.63 670159. 100.00

TOTAL SIMULATION TIME (DAYS) 182.0

TOTAL FLIGHT TIME (HRS) 1563.5

UPTIME/TOTAL TIME 82.08

MISSIONS FLOWN/MISSIONS CALLED 100.00

MISSIONS COMPLETED/MISSIONS FLOWN 98.01

e. RMS Cost Summary

Figure 10 - Concluded
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R&M DIVISION, PRODUCT ASSURANCE DIRECTORATE

R 9 M SIMULATION (RMS) MODEL

AIRCRAFT STATISTICS

TOTAL FLYING HOURS 1562.5

FLYING HOURS - COMPLETED MISSIONS 1539,0
FLYING HOURS w ABORTED MISSIONS 10.5
FLYING HOURS w TEST HOPS 13,0

MISSION RELIABILITY 98,65
SYSTEM MTBF I0,41

INHERENT AVAILABILITY 97,27
ACHIEVED AVAILABILITY 86,85
OPERATIONAL AVAILABILITY 86.85

MEAN TIME BETWEEN MAINTENANCE 10,1'
MEAN TIME TO REPAIR 4,34

AVUW PREVENTIVE MMH/FH (INSPECTIONS & SERVICING) 1.72
AVUA SCHEDULED MMM/FH'(INSPECTIONS L TBOtS) 1.72
AVU.w CORRECTIVE MMH/FH 1,44
AVUM 9 INTERMEDIATE CORRECTIVE MMH/FH 1,82
INTERMEDIATE CORRECTIVE MMH/FH .38DEPOT CORRECTIVE MMH/FH 5,55TOTAL CORRECTIVE MMH/FH 7037

a. Basic RMS Outpit

Figure 11. RMS COST Model Output - 011-58 xith 80% Failure Rates
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RMS COST SUMMARY

COST/FLIGHT HOUR TOTAL COST PERCENT

DEPRECIATION 5.8246%6. 5.17

FLIGHT 29,85 46640, 9.78

DIRECT INSPECTION 15.86 24774. 5.20

INDIRECT PERSONNEL 118.01 184395i. 38.67

MAINTENANCE 125.65 196333. 18
*ew~~e~mmewweewwwww" woftem""wo ***...

SY3TEM 305.15 476801, 100.00

TOTAL SIMULATION TIME (DAYS) 182.0

TOTAL FLIGHT TIME (HRS) 1562'5

£UPTIME/TOTAL TIME 86.85

MISSIONS FLOWN/MISSIONS CALLED 100.00

MISSIONS COMPLETED/MISSIONS FLOWN 98,65

e. RMS Cost Summary

Figure 11 - Concluded
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R~m DIVISION, PRODUCT ASSURANCE I)IwkCTnRArE

R & M SIMULATTON (RMS) MODEL

AIRCRAFT STATISTICS

TOTAL FLYING; HnURS 
1 314. 5

FLYING HouRS - cnmprTEOYp M13STONS 
10,FLYING HnURS - A~RORTfD MISS1O)NS 
130.0FLYING HOORS - IEST HOPS 

2310

MISSIlq4 RFLJA8ILITY 
99.1SYTMMTRF 
11.70

INHERENT AVAIl AfEII li 
97.96ACHIEVkn AVATLARILITY1.7

OPF AT O NA A AI A IL TY18 
7

iiMEAN TIMp E- TafEE\ "'AINTFIYANCE 
11.60-VFA N TImF TO1 REPAIR 
3.61

4VLIM PREVFNTIvk mMH/F,4 (INSPFCTIONS A SFRVICIAJG) 1.62AVUM SCHLF)LILED MMH/FH (INSPFCTIONS & 180'S) 1,62bvIJm CORRErTIvt MmH/Fgq 
1.13AVUM &. INTFRmFOIAIE CORRFCTIVE MMH/FH 1.361NTERAIEDIAT- CURORECTIVE N'mt/FH 
.23DlEPOT CORRECTIVF MMH/FH 

b.111TOTAL COP~kCTIVE MMH/FH 
7,4

a. Basic RMS Output

Figure 12. RMS COST Model Output - OH--58 with Alternativ'e20 Maintenance Personnel Loading
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RMS COST SUMMARY

COST/FLIGHT HOUR TOTAL COST PERCENT

DtPRECIATION 15,78 21058, 4,85

FLIGHT 29.79 39760. 9.15

DIRECT INSPECTION 17,68 23591, 5.43

INDIRECT PERSONNFL 150.4q 200835, 46,22

MAINTENANCE 111,88 14q305, 34,36

SYSTEM 325,63 434549, 100.00

7OTAL SIMULATION TIME (DAYS) 18210

TOTAL FLIGHT TIME (HRS) 1314o5

UPTIME/TOTAL TIME 18,76

MISSInNS FLOwN/MISSIONS CALLED 84,35

MISS!ONS COMPLETED/MISSIONS FLOWN 99,31

e. RMS Cost Summary

Figure 12 - Concluded
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RMUIVISION, PkHUUCT ASSOURANCE DIRECTORATE

R a M4 SIMULATION IRMS) MODLL

AliiCeAE T STATISTICS

TC3IlL FLY11NG HnUHs 1568.0

FLY114b I1OUti - LOMPLETE) MISSIONS 1528.0
FIIwr ,IUUHS ABORTED MISSIONS 16.0
FLYlwG HOU~r- TLST HOPS 24.0

'M1SS.LUi ILLI.'bILLTY 97.94

INHtiLU4 04VAILABILITY 97061
IL1LLVLU AVALLAL[LLITY 86984
UP-LiAlfUhAL AVA'ILAkILI1Y 86o84

AnLsIv TIM. HETWELN mAINTENANCL 6.67
mLUSV Tjf-I 10 RFPAIK 3099

iVu~v PHEV'Lg1ILVE rMMAH/Fui (INSPLCTI0OS Y. SERVICING) 2.13
4%Vuk SCHUUtE) fMH/FH (IiqSPELTIONS & TO0'S) Z 90 7
iVLI U~'(~RLTIVE .'40H/FH 2.04
ItV .,-. & INT7L1?mE,I'TL CORRECTIVL P4MH/FH 2e57
iii I.I1rJLUjATF COIINECI IVL mMM/FH .53
(Jt.PUT CUkRLCTIIL -AMH/F*H 8.42
TDIA~L LURIRLCTML rm"AH/FH 10.99

a. Basic RMS Output

Figure 13. RMS COST Model Output - OH-58 with Alternative
36 Maintenance Personnel Loading
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RMS COST SUMMARY

COST/FLIGHT HOUR TOTAL COST PERCENT

DEPRECIATION 15.78 24743. 3.22

FLIGHT 29,74 466409 6.07

DIRECT INSPECTION 16.20 25406. 3.31

INDIRECT PERSONNEL 229.73 3602199 46,89

MAINTENANCE 198.50 311243, 40,1

SYSTEM 489,96 766251, 100,00

TOTAL SIMULATION TIME (DAYS) 182.0

TOTAL FLIGHT TIME (HRS) 1568.0

UPT7ME/TOTAL TIME 86.84

MISSIONS FLOWN/MISSIONS CALLED 100.00

MISSIONS COMPLETED/MISSIONS FLOWN 97,94

e. RMS Cost Summary

Figure 13 - Concluded
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R&M DIVISION, PRODUCT ASSURANCE DIRECTORATE

R 9 M SIMULATION (RMS) MODEL

AIRCRAFT STATISTICS

TOTAL FLYING HOURS 1468.5

FLYING HOURS - COMPLETED MISSIONS 1445.0
FLYING HOURS - ABORTED MISSIONS 9.5
FLYING HOURS - TEST HOPS 14.0

MISSION RELIABILITY 98,70

SYSTEM MTRF 9,59

INHERENT AVAILABILITY 88,03
ACHIEVED AVAILABILITY 82098
OPERATIONAL AVAILABILITY 82.95

MEAN TIME BETWEEN MAINTENANCE 9,35

MEAN TIME TO REPAIR 4,36

AVUM PREVENTIVE MMH/FH (INSPFCTIONS & SERVICING) 1,30
AVUM SCHEDULED MMH/FH (INSPECTIONS & TBO#S) 1024
AVUM CORRECTIVE MMH/FH 1.57
AVUM 9 INTERMED!ATE CORRECTIVE MMH/FH 1,73
INTERMEDIATE CORRECTIVE MMH/FH .16
DEPOT CnRRECTIVE MMM/FH 7.74
TOTAL CORRECTIVE MMH/FH 9.41

a. Basic RMS Output

Figure 14. RMS COST Model Output - OH-58 with 4-Aircraft Fleet
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RMS COST SUMMARY

COST/FLIGHT HOUR TOTAL COST PERCENT

DFPRFCIATInN 25.78 31739 4,49

FLIGHT 29,84 8I28?0. 8.50

DIRECT INSPECTION 8.13 11933. 2,31

iNDIRFCT PERSONNEL 131.67 196291, 38.06

MAINTENANCF 163.83 240581, 46,64

SYSTEM 351,24 S15798. 1n0.00

TOTAL SIMULATION TIME (DAYS) 182.0

TOTAL FLIGHT TIMF (HRS) 146R,5

UPTTMF/TOTAL TIME Rp.9s

MISSIONS FLOWN/MISSIONS CALLED q3.84

MISSIONS CUMPLE1ED/MISSIONS FLOWN Q9,70

e. RMS Cost Summary

Figure 14 - Concluded

62



R&N DIVISION, PRODUCT ASSURANCE DIRECTCRATF

K & N SIMULATION (RMS) MOOLL

AIRCRAFT STATISTICS

TOTAL FLYING HOURS 1433.0

FLYING HOURS - COMPLETED MISSIONS 1409.0
FLYING HOURS - ABGRTED MISSIONS 12.0
FLYING HOURS - TEST HOPS 12.3

MISSION RFLIABILITY 98.32
SYSTFM MTBF 10.02

INHERENT AVAILABILITY 92.35
ACHIEVED AVAILABILIIY 88.07
OPERATIONAL AVAILAdILITY 87.90

MEAN TIME BETWEEN MAINTENANCF 9.74
MEAN TIME TO RFPAIR 3.13

AVUM PREVENTIVE MMH/FH (INSPECTIONS L SERVICING) .95
AVUM SCHEDULED MMH/FH (INSPFCTIONS & T8OS) .88
AVUM CORRECTIVE MM/FI, L.12
AVUM C INTEkMEDIATE CORRECTIVE MMH/F4 L.53
INTFkMEnIATE CORRECTIVE MM/Fh .41
DEPOT CORRECTIVE MMH/FH 1.49
TOTAL CORRECTIVE PMH/FH 3,02

a. Basic RMS Output

Figure 15. RMS COST Model Output - OH-58 with 3-Aircraft Fleet
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R14S COST SUMMARY

COST/FLIGHT HOUR TOTAL COST PERCENT

DEPRECIATICN 15.78 22613. 5.42

FLIGHT 29e83 42750. 10.25

DIRECT INSPECTION 7.16 10260. 2.46

INDIRECT PERSONNEL L46.13 209411. 50.22

MAINTENANCE 92.06 131928. 31e64

SYSTEM 290.97 416962. 1O000

TOTAL SIMULATION TIME (DAYS) 182.0

TOTAL FLIGI-T TIME (HRS) 1433.0

UPTIME/TOTAL TIME 87.90

MISSIUNS FLOWMISSIONS CALLED 91.85

MISSIONS COMPLETED/MISSIONS FLOWN 98.32

e. RMS Cost Summary

Figure 15 -Concluded
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